INTRODUCTION
============

Gastric cancer is the third most common cancer and the second leading cause of cancer-related death worldwide \[[@B1]\]. Curative resection is the treatment of choice for patients with gastric cancer; however, according to several recent large-scale studies, only 30%--50% of patients with gastric cancer remain disease-free after undergoing radical resections \[[@B2][@B3]\]. A large proportion of patients are diagnosed with loco-regionally advanced disease, which results in high loco-regional and distant recurrence rates, with poor survival \[[@B4][@B5]\]. For patients with potentially curable gastric cancer, randomized trials have indicated that a number of approaches, including postoperative adjuvant chemotherapy, can provide significant survival benefits over surgery alone \[[@B6][@B7]\]. Following 2 large, randomized clinical trials (CLASSIC and ACTS-GC trials), postoperative chemotherapy with either S-1 or capecitabine + oxaliplatin was determined to be the current standard of care for gastric cancer adjuvant therapy in East Asia \[[@B8][@B9][@B10]\]. Patients with stage III gastric cancer generally receive postoperative chemotherapy to improve their survival \[[@B11]\]. Therefore, in East Asia, extended resection followed by adjuvant chemotherapy is the standard of treatment. Based on multiple meta-analyses of adjuvant chemotherapy, postoperative chemotherapy is associated with a survival benefit, especially in East Asian patients \[[@B12]\]. However, there are many patients who stop chemotherapy prematurely for various reasons \[[@B13][@B14]\]. Nevertheless, the risk factors for poor compliance with adjuvant S-1 chemotherapy are not well known. In this study, we investigated factors affecting compliance with chemotherapy and survival rates according to the compliance of patients with the same disease stage (stage III gastric cancer) who were treated with the same regimen (S-1). This study was designed to determine the impact of the degree of compliance with chemotherapy on the prognosis of patients with gastric cancer.

MATERIALS AND METHODS
=====================

Patients
--------

There were 252 patients with stage III (IIIa, IIIb, and IIIc) gastric cancer who underwent curative surgery between July 2004 and December 2014 at Hanyang University Seoul Hospital. All surgeries were performed by a single surgeon, and all patients who were treated with other regimens (144 patients) were excluded. All patients were diagnosed with histologically-proven stage III gastric cancer and received D2 or more extensive lymph-node dissection with R0 surgery; had no hepatic, peritoneal, or distant metastases; were 20 to 80 years of age; had received no previous cancer treatment; and had adequate organ function (leukocyte count of at least 4,000 per cubic millimeter or the lower limit of the normal range, platelet count of at least 100,000 per cubic millimeter, total bilirubin levels of no more than 1.5 mg/dL, aspartate aminotransferase and alanine aminotransferase levels of no more than 2.5 times the upper limit of the normal range, and serum creatinine levels no greater than the upper limit of the normal range).

Stage classification and evaluation of the resected specimens were performed in accordance with the 7th American Joint Committee on Cancer tumor, node, and metastasis (TNM) staging system guidelines. In the S-1 group, administration of S-1 started 28 to 35 days after surgery and continued for one year. The treatment regimen consisted of 6-week cycles, which, in principle, consisted of 80 mg of oral S-1 per square meter of body-surface area per day for 4 weeks, followed by no chemotherapy for 2 weeks. Specifically, during the treatment weeks, patients with body-surface areas of less than 1.25 m^2^ received 80 mg daily, those with body-surface areas of 1.25 m^2^ or more, but less than 1.5 m^2^, received 100 mg daily, and those with body-surface areas of 1.5 m^2^ or more received 120 mg daily. This 6-week cycle was repeated during the first year after surgery. If patients had hematologic toxic effects of grades 3 or 4 (highest possible grade) or non-hematologic toxic effects of grades 2, 3, or 4, their daily dose was reduced, from 120 mg to 100 mg, 100 mg to 80 mg, or 80 mg to 50 mg, respectively. Adverse events were assessed according to the Common Toxicity Criteria of the National Cancer Institute (version 2.0). There were 85 patients who were postoperatively treated with S-1, and 23 patients received surgery only. In the postoperative S-1 group, 44 patients completed 8 cycles of S-1 chemotherapy, and 41 received less than 8 cycles of S-1 chemotherapy.

Follow-up
---------

In the S-1 group, the blood test results and clinical findings were assessed at 2-week intervals, during treatment with S-1. Medical history, physical examination, general blood tests, biochemical tests, tumor marker tests, chest radiography, gastroscopic examination, abdominal ultrasonography, and abdominal computed tomography were regularly performed during postsurgical ambulatory follow-up. Patients underwent at least one imaging study (such as abdomen & chest computed tomography and gastrofiberscopy), at 3-month intervals for the first year after surgery, and at 6-month intervals until 5 years after surgery. Individual patients were followed-up for 5 years, from the date of random assignment.

Statistical analysis
--------------------

Overall survival was defined as the period between surgery and death. All deaths, including those from other diseases, were considered death events. Data for patients who had not had an event were censored at the date of the final observation. The Kaplan-Meier method was used to estimate cumulative survival. The Cox proportional-hazards model was used to calculate the hazard ratios (HR). All P-values calculated in the subgroup analysis were 2-sided and were not adjusted for multiple testing. A P-value less than 0.05 was considered to indicate statistical significance.

RESULTS
=======

Clinical characteristics
------------------------

In total, 108 patients who underwent surgery between July 2004 and December 2014 were enrolled, including 85 in the S-1 group and 23 in the surgery-only group. The reasons for postoperative adjuvant chemotherapy ineligibility in 23 patients were as follows: laboratory test values at enrollment did not meet the protocol requirements (8 patients), and patient refusal to receive chemotherapy (15 patients). [Table 1](#T1){ref-type="table"} shows the baseline clinical characteristics, surgical procedures, and pathological findings. Patients in the chemotherapy group were younger in age and had more advanced disease stages, higher preoperative body mass indices, and lower post-operative weight losses (%) than patients in the surgery-only group, all of which were statistically significant differences.

###### Comparison of clinicopathologic factors in stage III gastric cancer patients between adjuvant chemotherapy group and surgery only group

![](jgc-18-48-i001)

  Variables                       Chemotherapy group (n=85)   Surgery only group (n=23)   P-value
  ------------------------------- --------------------------- --------------------------- -----------
  Sex                                                                                     NS
                                  Male                        59 (69.4)                   14 (60.9)
                                  Female                      26 (30.5)                   9 (39.1)
  Age (yr)                                                                                0.002
                                  \<60                        38 (44.7)                   2 (8.7)
                                  ≥60                         47 (55.3)                   21 (91.3)
  Performance status                                                                      NS
                                  0                           16 (18.8)                   5 (21.7)
                                  1 or 2                      69 (81.2)                   18 (78.3)
  Tumor size (cm)                                                                         NS
                                  ≤5                          29 (34.1)                   7 (30.4)
                                  \>5                         56 (65.9)                   16 (69.6)
  Histology                                                                               NS
                                  Differentiated              25 (29.4)                   5 (21.7)
                                  Undifferentiated            60 (70.6)                   18 (78.3)
  TNM stage^\*^                                                                           \<0.001
                                  IIIa                        23 (27.1)                   23 (100)
                                  IIIb                        29 (34.1)                   0 (0)
                                  IIIc                        33 (38.8)                   0 (0)
  Body mass index                                                                         0.049
                                  \<18.5                      0 (0)                       1 (4.3)
                                  18.5--25.0                  55 (64.7)                   18 (78.3)
                                  \>25.0                      30 (35.3)                   4 (17.4)
  Hemoglobin (gm/dL)                                                                      NS
                                  \<12                        33 (38.8)                   10 (43.5)
                                  ≥12                         52 (61.2)                   13 (56.5)
  Surgery                                                                                 NS
                                  Subtotal gastrectomy        52 (61.2)                   11 (47.8)
                                  Total gastrectomy           33 (38.8)                   12 (52.2)
  Postoperative weight loss (%)                                                           \<0.001
                                  \<5                         0 (0)                       4 (17.4)
                                  \<10                        5 (5.9)                     2 (8.7)
                                  ≥10                         40 (47.1)                   16 (69.6)

Values are presented as number (%).

NS = not significant; TNM = tumor, node, and metastasis; AJCC = American Joint Committee on Cancer.

^\*^Classification according to the 7th edition of the AJCC staging system.

Chemotherapy compliance-related characteristics
-----------------------------------------------

[Table 2](#T2){ref-type="table"} shows the distribution of clinicopathological factors between the incomplete treatment and the complete treatment groups. The incomplete group showed older median age (64 years vs. 60 years) and higher TNM stage compared to the complete group. These differences were statistically significant.

###### Distribution of clinicopathological factors according to the compliance of S-1 chemotherapy

![](jgc-18-48-i002)

  Variables            Incomplete group (cycle\<8) (n=41)   Complete group (cycle=8) (n=44)   P-value
  -------------------- ------------------------------------ --------------------------------- -----------
  Sex                                                                                         NS
                       Male                                 29 (70.7)                         30 (68.2)
                       Female                               12 (29.3)                         14 (31.8)
  Age (yr)                                                                                    0.037
                       Median                               64                                60
  Performance status                                                                          NS
                       0                                    7 (17.1)                          9 (20.6)
                       1--2                                 34 (82.9)                         35 (79.4)
  Surgery                                                                                     NS
                       Subtotal gastrectomy                 25 (61.0)                         27 (61.4)
                       Total gastrectomy                    16 (39.0)                         17 (38.6)
  TNM stage^\*^                                                                               0.035
                       IIIa                                 6 (14.6)                          17 (38.6)
                       IIIb                                 15 (36.6)                         14 (31.8)
                       IIIc                                 20 (48.8)                         13 (29.6)
  Histology                                                                                   NS
                       Differentiated                       12 (29.3)                         13 (29.5)
  Undifferentiated     29 (70.7)                            31 (70.5)                         
  BMI (kg/m^2^)                                                                               NS
                       Median                               22.70                             23.60
  Hemoglobin (g/dL)                                                                           NS
                       Median                               12.00                             12.95
  Weight loss (%)                                                                             NS
                       Median                               12.00                             9.15

Values are presented as number (%).

NS = not significant; BMI = body mass index; TNM = tumor, node, and metastasis; AJCC = American Joint Committee on Cancer.

^\*^Classification according to the 7th edition of the AJCC staging system.

[Table 3](#T3){ref-type="table"} shows the HRs for mortality according to number of completed cycles of adjuvant S-1 chemotherapy. The HR for death in patients in the S-1 group who completed 8 cycles, compared to those in the surgery-only group, was 0.107 (95% confidence interval \[CI\], 0.023--0.500; P=0.004). The HRs for death in patients in the S-1 group who completed 1 to 7 cycles versus the surgery-only group were not significantly different. [Table 4](#T4){ref-type="table"} lists the causes of non-compliance with chemotherapy. Treatment was withdrawn due to detection of metastases or relapse in 16 patients, and doctors terminated chemotherapy due to adverse events, including leukopenia, anemia, and thrombocytopenia, in 15 patients. Patient refusal (because of economic difficulty or patient fatigue) to continue chemotherapy was observed in 10 patients.

###### Mortality hazard ratios according to number of completed cycles of adjuvant S-1 chemotherapy, multivariate-adjusted
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  Chemotherapy group    No. of patients (%)   Overall survival                   
  --------------------- --------------------- ------------------ --------------- -------
  0 cycle               23                    1.000                              0.004
  1 cycle               4 (5)                 4.576              0.670--31.241   0.121
  2 cycles              10 (12)               0.560              0.120--2.605    0.460
  3 cycles              4 (5)                 0.384              0.053--2.799    0.345
  4 cycles              9 (11)                0.601              0.124--3.340    0.601
  5 cycles              5 (6)                 0.153              0.013--1.986    0.153
  6 cycles              8 (9)                 0.176              0.025--1.233    0.080
  7 cycles              1 (1)                 0.000              0.000           0.980
  8 cycles (complete)   44 (51)               0.107              0.023--0.500    0.004

HR = hazard ratio; CI = confidence interval.

###### Causes of non-compliance of chemotherapy and number of cycles

![](jgc-18-48-i004)

  Causes                No. of cycles                                                          
  --------------------- --------------- -------- -------- -------- -------- -------- --------- ---------
  Disease progression   1 (25)          4 (40)   2 (50)   7 (78)   0 (0)    2 (25)   0 (0)     16 (39)
  Toxic complication    2 (50)          3 (30)   1 (25)   1 (11)   3 (60)   5 (63)   0 (0)     15 (37)
  Patient\'s refusal    1 (25)          3 (30)   1 (25)   1 (11)   2 (40)   1 (12)   1 (100)   10 (24)
  Total                 4               10       4        9        5        8        1         41

Values are presented as number (%).

Univariate survival analysis of patients who underwent postoperative adjuvant chemotherapy
------------------------------------------------------------------------------------------

[Table 5](#T5){ref-type="table"} lists factors that correlate with survival outcomes. Among the postoperative adjuvant chemotherapy group, the number of cycles of chemotherapy (less than 8 cycles vs. 8 cycles; P=0.001) and TNM stage (IIIa vs. IIIb vs. IIIc; P=0.005) were statistically significant differences.

###### Univariate survival analysis in postoperative adjuvant chemotherapy patients

![](jgc-18-48-i005)

  Variables                       No. of patients (%) (n=85)   Mean±standard deviation   P-value
  ------------------------------- ---------------------------- ------------------------- -----------
  Sex                                                                                    NS
                                  Male                         59 (69.4)                 73.5±6.7
                                  Female                       26 (30.6)                 83.7±11.8
  Age (yr)                                                                               NS
                                  \<60                         38 (44.7)                 95.3±9.3
  ≥60                             47 (55.3)                    62.4±7.6                  
  Performance status                                                                     NS
                                  0                            16 (18.8)                 70.0±10.9
                                  1 or 2                       69 (81.2)                 85.5±7.7
  Surgery                                                                                NS
                                  Subtotal gastrectomy         52 (61.2)                 79.5±6.8
  Total gastrectomy               33 (38.8)                    73.2±10.7                 
  Size (cm)                                                                              NS
                                  ≤5                           29 (34.1)                 83.8±8.5
                                  \>5                          56 (65.9)                 79.5±8.4
  Histology                                                                              NS
                                  Differentiated               25 (29.4)                 55.8±8.5
  Undifferentiated                60 (70.6)                    90.6±8.0                  
  BMI (kg/m^2^)                                                                          NS
                                  18.5--25.0                   55 (64.7)                 75.3±8.4
                                  \>25.0                       30 (35.3)                 88.2±8.2
  Hemoglobin (gm/dL)                                                                     NS
                                  \<12                         33 (38.8)                 71.3±9.1
  ≥12                             52 (61.2)                    85.9±8.4                  
  Postoperative weight loss (%)                                                          NS
                                  \<10                         45 (52.9)                 93.3±9.8
                                  ≥10                          40 (47.1)                 71.0±8.5
  Cycles of chemotherapy                                                                 0.001
                                  1--7                         41 (48.2)                 64.6±9.7
  8                               44 (51.8)                    86.5±6.6                  
  TNM stage^\*^                                                                          0.005
                                  IIIa                         23 (27.1)                 84.5%
                                  IIIb                         29 (34.1)                 78.0%
                                  IIIc                         33 (38.8)                 36.6%

NS = not significant; BMI = body mass index; TNM = tumor, node, and metastasis; AJCC = American Joint Committee on Cancer.

^\*^Classification according to the 7th edition of the AJCC staging system.

Multivariate analyses of survival HRs in patients who underwent postoperative chemotherapy
------------------------------------------------------------------------------------------

[Table 6](#T6){ref-type="table"} shows the survival HRs of patients with stage III gastric cancer. The number of chemotherapy cycles and TNM stage showed statistically significant differences. The complete compliance group had an HR that was 3 times greater than that of the incomplete compliance group (HR, 3.457; P=0.005). [Fig. 1](#F1){ref-type="fig"} shows the Kaplan-Meier survival analysis for patients with stage III gastric cancer who were treated with 1--7 cycles or 8 cycles of S-1 adjuvant chemotherapy. According to this analysis, patients of the complete chemotherapy group showed a survival advantage compared to patients who received incomplete chemotherapy.

###### Survival hazard ratios in postoperative chemotherapy patients

![](jgc-18-48-i006)

  Variables                      P-value   HR      95% CI   
  ------------------------------ --------- ------- -------- --------------
  TNM stage^\*^                                             
                                 IIIa      \-      \-       \-
                                 IIIb      0.225   0.456    0.128--1.623
                                 IIIc      0.002   0.247    0.100--0.611
  No. of cycles (chemotherapy)                              
                                 1--7      0.005   3.475    1.462--8.257
                                 8         \-      \-       \-

HR = hazard ratio; CI = confidence interval; TNM = tumor, node, and metastasis; AJCC = American Joint Committee on Cancer.

^\*^Classification according to the 7th edition of the AJCC staging system.

![Kaplan-Meier survival analysis of patients with stage III gastric cancer who were treated with 1--7 cycles (incomplete chemotherapy, blue) or 8 cycles (complete chemotherapy, green) of S-1 adjuvant chemotherapy.\
Ctx = cytotoxic chemotherapy; SD = standard deviation.](jgc-18-48-g001){#F1}

DISCUSSION
==========

The use of S-1 chemotherapy for patients with stage III gastric cancer has been thought to effectively improve their survival. However, a study on chemotherapy compliance has not been previously conducted on patients with stage III gastric cancer. To our knowledge, our study is the first investigation into the relationship between the degree of chemotherapy compliance and the prognosis of patients with gastric cancer.

Many randomized trials \[[@B6][@B7][@B15][@B16]\] have shown survival rate benefits with adjuvant chemotherapy for patients with advanced gastric cancer after D2 gastrectomy, compared to patients who underwent surgery only. Based on the results of these trials, postoperative adjuvant chemotherapy is generally administered to patients with stage III gastric cancer \[[@B17]\]. However, planned chemotherapy could be terminated early, due to cancer recurrence, severe side effects, patient refusal, and other causes \[[@B18][@B19]\]. Our data show that patients with stage III gastric cancer who completed S-1 chemotherapy showed better survival than those who failed to complete the regimen. To investigate the effects of continuing adjuvant S-1 for one year on the prognosis of patients with gastric cancer, Eun et al. \[[@B20]\] analyzed the survival of 49 patients with curatively resected stage II and III gastric cancers. Patients who continued S-1 for one year had significantly increased rates of disease-free survival (P\<0.001) and overall survival (P=0.001) compared to patients who discontinued S-1 during the first year. The multivariate analysis indicated poor outcomes for patients with stage III disease and those who discontinued S-1 treatment. The investigators concluded that discontinuing S-1 treatment may be an unfavorable factor in the prevention of recurrence and stressed that S-1 adjuvant treatment should be continued for one year, if possible, with the proper management of toxicities. Aoyama et al. \[[@B21]\] reported that creatinine clearance (CCr) was the only significant independent factor for predicting the 6-month continuation of adjuvant chemotherapy with S-1. The 6-month continuation rate was 72.9% in patients with a CCr of at least 60 mL/min and 40.0% in patients with a CCr \<60 mL/min (P=0.015). Adverse events occurred more frequently and earlier in patients with a CCr \<60 mL/min than in those with a CCr ≥60 mL/min. In another study, Aoyama et al. \[[@B22]\] analyzed the importance of postoperative weight loss as an independent risk factor for the continuation of adjuvant chemotherapy with S-1. The 5-year overall survival rate for patients with a weight loss (BWL) of \<15% was 59.9%, while that of patients with a BWL of ≥15% was 36.4% (P=0.004). Univariate and multivariate analyses for overall survival demonstrated that pathological T factor and BWL were significant risk factors. The authors concluded that severe postoperative BWL, which is closely associated with poor S-1 compliance, is an important risk factor for survival. In a multicenter retrospective study, Yamashita et al. \[[@B23]\] analyzed risk factors for poor compliance with adjuvant S-1 chemotherapy for gastric cancer. Of 359 patients, 252 (70.2%) continued adjuvant S-1 chemotherapy until 12 months after surgery. Older age (\>65 years) and postoperative infectious complications (Clavien-Dindo grade III or higher) correlated significantly with low compliance with S-1 for 12 months (P=0.008 and P=0.042, respectively). These 2 factors also showed significant associations with low cumulative continuation rates (log-rank P\<0.001 and P=0.018). They concluded that older age, particularly age over 65 years, and postoperative infectious complications were independent risk factors for poor compliance with adjuvant S-1 chemotherapy for gastric cancer.

Di Costanzo et al. \[[@B24]\] reported that the key factors that are predictive of adjuvant chemotherapy non-completion are patient age and performance status. In our study, the completion rate for patients who received S-1 chemotherapy was only 51%. The reasons for withdrawal of S-1 chemotherapy included patient refusal to continue treatment, due to unbearable side effects or other factors (61%, 25 patients), and doctor decisions to terminate treatment because of disease progression (39%, 16 patients). In the comparative analysis according to compliance with S-1 chemotherapy, the group that completed chemotherapy was composed of younger patients (P=0.037) and those with lower disease stage (P=0.035) than those in the group that did not complete chemotherapy. The median BWL was lower in the complete group than in the incomplete group (9.15% vs. 12.0%), but this difference was not statistically significant. In the univariate and multivariate analyses, TNM substage and compliance with chemotherapy were independent prognostic factors in patients with stage III gastric cancer who were treated with postoperative S-1 chemotherapy. Significant influencing factors for the compliance with chemotherapy were TNM substage and age. Our study confirms the findings of previous reports, that patients with stage III gastric cancer who fail to complete adjuvant S-1 chemotherapy show worse survival than those who complete this treatment.

To confirm whether completion of 5FU-based adjuvant chemotherapy is a major prognostic factor for the survival of elderly patients with stage III colon cancer, Morris et al. \[[@B25]\] previously studied a population-based series from Australia. In their study, patients who failed to complete chemotherapy showed worse cancer-specific survival than those who completed treatment (HR, 2.24; 95% CI, 1.66--3.03; P\<0.001) and those who were treated with surgery alone (HR, 1.37; 95% CI, 1.09--1.72; P=0.008). Their analyses found that treatment in district or rural hospitals, low socioeconomic index, and treatment by a low-volume surgeon were independent predictors for failure to complete chemotherapy. The authors suggested that further prospective studies are needed to better identify the physiological and socioeconomic factors that are responsible for failure to complete chemotherapy, so that appropriate health service delivery improvements can be made.

Our study has some limitations that should be considered when interpreting the results. One of the main limitations of our study is its retrospective design, and there were a variety of factors in each group. Since the number of patients who did not complete chemotherapy was limited, the effects of incomplete chemotherapy were limited. Considering the various factors that we investigated, further research is required to identify the factors that could increase postoperative adjuvant chemotherapy completion rates and ultimately improve the prognosis of patients with gastric cancer.

In conclusion, higher TNM stage is associated with poorer prognoses, and higher compliance with chemotherapy is associated with improved prognoses, in patients with stage III gastric cancer who received postoperative chemotherapy. Higher compliance with chemotherapy is in turn associated with lower TNM stage and younger age. As compliance is associated with improved prognosis, providers should consider educating patients who are at higher risk of failing to complete chemotherapy on the importance of completing the procedure.
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